The solutions commonly used to dilute or cryopreserve sperm are commonly 20 composed of salts, buffers and cryoprotectants, which may affect gametes and subsequent 21 fertilization success. Here, we have evaluated the effects of several cryoprotectants 22 (methanol; MeOH, dimethyl sulfoxide; DMSO and dimethyl acetamide; DMA at 23 concentrations of 0.25, 0.5 and 1%) and different ions (potassium, calcium and magnesium 24 at concentrations of 1.25, 2.5, 5.0 and 10 mM) as sperm diluents upon sperm motility and 25 fertilization success in the loach Misgurnus anguillicaudatus sperm. Our results 26 demonstrated that DMSO (at 1%) decreased sperm motility whilst calcium and magnesium 27 ions (from 2.5 mM) induced sperm aggregation and reduced sperm motility. Reduced 28 fertilization rates were observed with potassium (from 1.25 mM), calcium (at 10 mM), 29 magnesium (at 10 mM), DMA (at 1%), and DMSO (at 1%). We conclude that specific ions 30 and cryoprotectants, and their relative concentrations caused effect upon loach gametes. 31
Introduction 38 39
The application of in vitro fertilization (IVF) for species of fish is important for the 40 reproductive manipulation of species that do not spawn spontaneously under cultured 41 conditions. Hatchery procedures such as artificial incubation and larval rearing, in 42 combination with IVF, may greatly increase hatching rate and the survival of resultant 43 percentage of total motility, progressive motility and the duration of motility, following the 114 criteria used in our previous work (Yasui et al., 2008 and 2009; Fujimoto et al., 2008) . Total 115 motility denoted any type of sperm movement (locally motile, circling or forward motility), 116 while progressive motility regards only to those cells exhibiting forward movement. The 117 duration of sperm motility was measured from activation until ~5% of progressive motility. 118 119 physiological concentrations (~300mOsm) but we increased the solute concentration to 133 evaluate a larger range of toxicity for all ions. However, the molar concentration of 600 134 mOsm is not toxic for loach eggs or sperm. To evaluate the effects of cryoprotectants, a 135 similar procedure was performed, but the pellet was re-suspended in immobilizing solution 136
containing MeOH, DMA and DMSO at 5, 10 and 20% (v:v) (Table 2 ). Diluted sperm were 137 then observed under the microscope following activation using water (20-fold dilution) and 138 sperm parameters assessed as previously described. Following sperm activation, potassium, 139 calcium and magnesium concentrations were 1.25; 2.5; 5.0 and 10.0 mM and the 140 concentration of cryoprotectants were 0.25, 0.5 and 1%. As control groups, we used three 141 types of sperm. The first was simply diluted in immobilizing solution, the other was 142 centrifuged using the same procedure described above and then re-suspended using IS, and 143 the third one was centrifuged and then re-suspended in NaCl solution. 144 145
Fertilization and hatching success using diluted sperm 146 147
In this experiment, loach eggs were inseminated using the same sperm suspensions 148 containing ions and cryoprotectants evaluated above. Experiments were performed in 149 triplicate, each using different females and different sperm pools (5 males for each pool).
Batches of approximately 120 oocytes (40 µL) were pipetted onto plastic Petri dishes 151 (90 mm diameter) covered by a plastic film. Each egg batch was inseminated with 50 µL of 152 diluted sperm, which was sufficient to cover all eggs. Gamete activation was performed by 153 the addition of 950 µL of distilled water (DW), resulting in a 20-fold sperm dilution. The 154 gamete suspension was then gently mixed by hand. After 5 min, the inseminated eggs were 155 transferred to Petri dishes without plastic film and the water volume increased to about 50 mL. 156
The incubation was performed in the Petri dishes at 20°C until hatching. 157
Fertilized eggs (at the blastula stage) were counted approximately 4 h post fertilization 158 (hpf) and hatched fry were counted after 60 hpf (Fujimoto et al., 2006) . Dead eggs, denoted 159 by a white appearance, were collected at 10 to 12 h intervals. Fertilization, hatching rates and 160 the percentage of normal and abnormal embryos were calculated based upon the initial 161 number of eggs. 162 163
Statistics 164 165
All data were performed in triplicate and results are shown as mean ± SD. All data 166 were tested using the Lilliefors' test for normality. Comparisons were performed using 167 analysis of variance, followed by Tukey's multiple range test (P<0.05). Motility parametersof fresh and treated sperm were compared using a paired t-test (P<0.05). Statistical analysis 169 was performed with SAEG software version 9.1 (SAEG, 1997) . 170 171
Results 172 173
Sperm parameters 174 quality at increasing concentrations. Average progressive motility was 74, 75%, 82% and 180 76% for the respective concentrations of potassium at 1.25, 2.5, 5 and 10 mM. Calcium and 181 magnesium treatments significantly reduced sperm motility at all concentrations. Some fused 182 or adhered cells were observed from 1.25 mM, and from 2.5 mM we could observe reduced 183 sperm motility and some sperm aggregates. At the highest concentration of these ions, the 184 percentage of progressive sperm was very low and many sperm aggregates were detected, 185 which reduced the accuracy of motility estimation.
Motility duration was 140 s for fresh sperm and 115 s for sperm treated with 30 mM 187 NaCl (Fig. 2) The addition of cryoprotectants did not reduce motility parameters at any 193 concentration, except for DMSO at 1%, in which progressive motility was 19% (Fig. 3) . The 194 other treatments maintained progressive motility between 61 (1% MeOH) and 79. 5% (0.25% 195 MeOH) . 196 DMSO also significantly reduced the duration of progressive motility to 0.5% ( Fig the hatching rates were 75.1% and 49.5%, respectively. All potassium concentrationssignificantly reduced hatching rates. Potassium at 1.25 mM yielded hatching rates of 33.1%, 206 and at 2.5 mM, the same parameter decreased to just 12.5%. At 5 mM, fertilization rate was 207 only 4.9% and at the highest concentration (10 mM), just 0.5% of eggs hatched. Calcium and 208 magnesium also caused a severe reduction in hatching at the highest concentrations (5.2% and 209
%, respectively). 210
Cryoprotectants reduced hatching rates only at the highest concentrations of DMA 211 concentrations of calcium and magnesium in the present study could be attributed, at least in 225 part, to membrane fusion/adhesion effects related to these ions. In fish, sperm fusion or 226 adhesion was induced by calcium (Araki et al., 1995) , high pH treatments (Ueda et al., 1988) , 227 and polyethylene glycol (Ueda et al., 1986, Kirankumar and Pandian, 2004) . Our present data 228 also indicate that we can add magnesium to this list. The presence of sperm aggregates, 229 combined with poor sperm motility, reduced the accuracy of sperm motility evaluation. 230
Evaluation of sperm motility requires the observation of an adequate number of cells in the 231 viewing field, and sperm cells must be sufficiently dispersed to be analyzed individually 232 (Billard and Cosson, 1992) . So, some of our sperm motility data may be considered 233 inaccurate, especially in calcium and magnesium treatments at 5 and 10 mM in which many 234 sperm aggregates were observed and then reduced the accuracy during evaluation of motility 235 parameters. 236 Fertilization rates were reduced by the addition of DMSO, magnesium, calcium and 237 potassium. Lower fertilization success with DMSO, calcium and magnesium treatments may 238 be explained by reduced sperm motility, a parameter that is related with fertilization success 239 (see reviews by Rurangwa et al., 2004; Cosson et al., 2004) . 240
We observed that motility parameters were not affected by potassium treatments but 241 fertilization rates were reduced. Similar results have been reported in other teleost species. In 242 the common carp (Cyprinus carpio), for example, reduced fertilization rates were observedfrom 5 mM of potassium (Saad and Billard 1987) . In our present study, potassium 244 concentrations of just 1.25 mM led to reduced fertilization rates. Previously, Lahnsteiner et al. 245 (2003) also observed reduced fertilization rates in Chalcalburnus chalcalburnus, when a 246
KCl-based solution was used as the fertilization medium. The hatching rate of this species 247 was 98.7% in a NaCl-based solution, but the rate decreased to just 1.6% in a KCl -based 248 solution. The authors hypothesized that potassium solutions could exert negative effects upon 249 eggs or sperm. Potassium has a strict relationship with the transportation of ions through cell 250 membranes. Consequently, high potassium concentrations or an unbalance on 251 sodium/potassium relationship in extracellular media may affect the transportation of other 252 ions necessary for fertilization and/or egg development. 253
Historically, potassium ions have proved to be a highly controversial issue for fish 254 gametes. In the case of salmonid sperm, potassium is important in order to keep cells 255 immotile and to maintain their viability (Gatti et al., 1990; Benau and Terner, 1980) as in the 256 case of cyprinids (Morisawa et al., 1983) . Additionally, Linhart et al. (2008) used potassium 257 solutions in order to improve sperm motility and showed that even activated sperm were able 258 to re-initiate motility following incubation in a high potassium solution. In herring (Clupeaet al., 1992) . On the other hand, it is also important to consider that potassium exerts 262 deleterious effects upon fertilization, as discussed above. 263
We conclude that high potassium concentrations should be avoided in the preparation 264 of extenders or activating media for fish species, with the exception of species where sperm 265 maintenance is specifically driven by potassium, as is the case of salmonids or sturgeon 266 species (see review by Alavi and Cosson, 2006) . 267
We also evaluated the toxicity of the predominantly successful cryoprotectants for fish 268 sperm, using the optimal range for most species (5-20% -see review by Billard and Zhang, 269 2001 and our studies on loach described by Yasui et al., 2008 Yasui et al., , 2009 Yasui et al., and 2010 . suggests that the decreased fertilization rates were caused by the cryoprotectant but not 273 specifically related to molar concentration. Specific ions and cryoprotectants, and their 274 relative concentrations, may cause severe physiological effects including the influx of 275 cryoprotectants into the cell (Mazur et al., 1984) , altered membrane characteristics causing 276 the induction of membrane fusion (Araki et al., 1995 , Ueda et al., 1986 , 1988 , dehydration, 277 ionic signalling and egg activation (Coward et al., 2002) , the removal of sperm attractants in 278 the region of the micropyle (Yanagimachi et al., 1992) , and other important mechanismsrelating to fish gametes and successful fertilization. However, we still do not know which 280 mechanism underlies the observed effects in loach gametes. 281 Based in our findings, ions and cryoprotectants may exert negative effects upon the 282 fertilization of loach eggs via two mechanisms. Firstly, ions and cryoprotectants may damage 283 sperm cells and cause reduced motility, thereby reducing the chances of successful 284 penetration into the egg micropyle. Secondly, these factors may reduce fertilization rates, but 285 without reducing sperm motility. The mechanism by which potassium may exert such 286 inhibitory actions remains unknown and requires future studies. Based on the discussion 287 above and considering that molar concentration is the main factor inhibiting the loach sperm 288 motility, non-toxic components (such as NaCl) are preferable for preparation of sperm 289 diluents and optimize the fertilization success. However, further studies are necessary to 290 evaluate the effects of longer sperm storage periods. In addition, we recommend that 291 methanol should be used for the preparation of cryo-solutions for loach since it is an effective 292 cryoprotectant for this species (Yasui et al., 2008 (Yasui et al., , 2009 ) and in addition as observed here, 293 methanol do not affect sperm characteristics and subsequent fertilization rates. 294
In conclusion, ions and cryoprotectants may affect both, sperm motility and 295 fertilization ability. We also showed with potassium treatments that sperm motility is not 296 always an effective predictor of fertilization success. Our findings suggest that a balanced 297 combination of specific contents should be evaluated to prepare sperm diluents in order tooptimize both sperm motility and fertilization success, and such combination is probably 299 species-specific. 300 containing each ion, which were poured on egg masses and activated using a 20-fold dilution 485 with distilled water. As control groups, we used a group re-suspended in IS and another that 486 was re-suspended in NaCl. Asterisks above columns denote significant differences in 487 progressive motility when compared with sperm diluted in immobilizing solution, by Tukey's 488 multiple range test (P<0.05). 489 MeOH and DMA. Sperm were diluted in immobilizing solution containing each 492 cryoprotectant, which was poured onto egg masses and activated using a 20-fold dilution with 493 distilled water. Asterisks above columns denote significant differences in hatching rates when 494 compared with sperm diluted in immobilizing solution (control), by Tukey's multiple range
